JOURNAL OF RECYCLING ECONOMY & SUSTAINABILITY POLICY 2026 5(1) 26-33

RESP

e-ISSN: 2979-9414

www.respjournal.com

“gcvcu%‘

%, »
Tre Auo‘;o

P o
Magri ?

Arastirma Makalesi ® Research Article

Recycling in China-Africa International Legal Frameworks and the Role of Artificial

Intelligence in Interpretation and Enforcement

Cin-Afrika Uluslararast Hukuki Cercevelerinde Geri Doniistim ve Yapay Zekamn Yorumlama ve Uygulamadaki Rolii

Klemens Katterbauer®”, Sema Yilmaz®, Hassan Syed® & Rahmi Deniz Ozbay*

*Euclid University, Banjul/The Gambia
ORCID: 0000-0001-5513-4418

®Yildiz Technical University, Istanbul/Tiirkiye
ORCID: 0000-0002-3138-1622

¢Euclid University, Banjul/The Gambia
ORCID: 0000-0003-2114-2473

dfstanbul Ticaret University, Istanbul, Tirkiye
ORCID: 0000-0002-3927-8216

ANAHTARKELIMELER 0z

Yapay zeka

Zorluklar

Afrika

Geri doniigtim,
Anlagmalar

Kusak ve Yol Girisimi
Cin - Afrika isbirligi

KEYWORDS

Bu makale, geri doniistiiriilebilir maddelerin —ozellikle tehlikeli ve elektronik atiklarin— Cin ile Afrika
devletlerini kapsayan uluslararast ve ikili ¢ergeveler iginde diizenlenmesini ve yonetimini incelemektedir.
Makale, yapay zekanin (YZ) atik yonetimi anlagmalarinin izlenmesini ve uygulanmasini giiglendirebilecegini
ileri siirmektedir. Uydu goriintiileri, risk analizi i¢in makine 6grenmesi ve hukuki yorumlama igin dogal dil isleme
gibi araglar; uyumsuzluklar tespit edebilir, yiiksek riskli hareketleri 6ngodrebilir ve anlagma yiikiimliiliklerini
netlestirebilir. Ancak yapay zekanin entegrasyonu, yeni etik veya hukuki dengesizliklerin 6niine ge¢mek i¢in
devlet egemenligine, hukuki siirece (due process) ve adil katilima saygi gostermelidir. Son olarak makale;
anlagma metnini hazirlayanlarin yapay zekd destekli izlemeye yonelik hiikiimler eklemesini, uygulayici
kurumlarm veriye dayali denetim igin teknolojik araglari benimsemesini ve sivil toplumun hesap verebilirligi
artirmak amaciyla yapay zeka iggoriilerinden yararlanmasini dnermektedir.

ABSTRACT

Al

Challenges
Africa
Recycling
Treaties

Belt and Road

This article examines the regulation and management of recyclable materials-particularly hazardous and
electronic waste-within international and bilateral frameworks involving China and African states. The article
argues that artificial intelligence (Al) can strengthen the monitoring and enforcement of waste management
treaties. Tools such as satellite imagery, machine learning for risk analysis, and natural language processing for
legal interpretation can detect non-compliance, predict high-risk movements, and clarify treaty obligations.
However, the integration of Al must respect state sovereignty, due process, and equitable participation to prevent
new ethical or legal imbalances. Finally, the article recommends that treaty drafters include clauses for Al-assisted
monitoring, that implementing agencies adopt technological tools for data-driven oversight, and that civil society

China - Africa cooperation

use Al insights to enhance accountability.

1. Introduction

The transboundary movement of waste, particularly electronic
waste (e-waste) and other hazardous materials, constitutes one
of the most pressing environmental, public health, and
governance challenges confronting Africa and the international
community. E-waste flows are especially problematic because
of their dual character: while they contain hazardous substances
such as lead, mercury, and brominated flame retardants, they
also carry recoverable resources such as gold, copper, and rare
earth elements that could fuel a more sustainable circular
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economy if properly managed. The persistence of informal or
illicit waste shipments underscores the gap between the
normative aspirations of international law and the realities of
enforcement on the ground. The legal architecture governing
these flows is multilayered (Cotta, 2020). At the global level, the
Basel Convention on the Control of Transboundary Movements
of Hazardous Wastes and Their Disposal remains the central
treaty instrument, setting out obligations for prior informed
consent, environmentally sound management, and restrictions
on hazardous waste exports. Within Africa, the Bamako
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Convention-adopted under the auspices of the Organization of
African Unity (now the African Union)-goes further by
prohibiting the import of hazardous waste altogether, reflecting
Africa’s historical experience as a destination for toxic waste
dumping. In addition, bilateral agreements and project-level
frameworks, such as those associated with China’s Belt and
Road Initiative (BRI), add another layer of complexity by
blending commercial partnerships, development aid, and
environmental cooperation. Despite these legal regimes,
enforcement remains deeply problematic (Parts, 2019).

Weak institutional capacity, insufficient monitoring
infrastructure at ports and borders, and fragmented coordination
between national and regional authorities create space for illegal
or quasi-legal waste flows (Ghosh et al., 2016).

In many cases, containers are mis-declared as "second-hand
goods" to circumvent restrictions, blurring the line between
legitimate reuse and prohibited dumping. Moreover, informal
recycling sectors in African cities often process e-waste without
adequate safeguards, leading to severe health risks, including
exposure to toxic fumes and soil contamination, while failing to
capture the full economic potential of resource recovery.
Emerging technologies, particularly artificial intelligence (Al)
advances, present opportunities and challenges for
strengthening treaty implementation. Al-driven tools can
enhance the capacity of customs authorities to detect irregular
waste shipments through automated risk profiling, image
recognition of cargo manifests, and anomaly detection in trade
data. Similarly, Al may contribute to more consistent
interpretation by identifying patterns across compliance reports,
dispute decisions, and national implementing legislation.
However, the deployment of Al also raises legal, ethical, and
governance concerns, including issues of transparency,
accountability, bias in training datasets, and the sovereignty of
states over their enforcement practices (Li et al., 2013). This
article seeks to make three contributions. First, it maps the
existing international and regional legal framework governing
waste flows, emphasizing the Basel and Bamako Conventions
and their interaction with emerging China-Africa cooperation
under the BRI. Second, it analyzes enforcement challenges
specific to African contexts, including capacity gaps, informal
economies, and geopolitical asymmetries in trade relations.
Third, it develops a normative and technical agenda for Al-
assisted treaty interpretation and enforcement, arguing that
technological innovation must be embedded within a broader
governance framework that safeguards legal legitimacy, human
rights, and equitable development. The paper highlights the need
for a holistic approach integrating international law, regional
policy instruments, technological innovation, and socio-
economic realities. The promise of circular-economy recycling
can be realized only by reconciling these dimensions, while
minimizing the risks of environmental injustice and toxic
colonialism in Africa (Cotta, 2020).

2. Legal Frameworks Governing Recycling and
Transboundary Waste

The Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal (adopted
in 1989, entered into force in 1992) represents the cornerstone
of international law governing the cross-border movement and
environmentally sound management (ESM) of hazardous
wastes. It was negotiated in response to growing concerns
during the 1980s about the export of toxic wastes from

industrialized states to less developed countries, particularly in
Africa, Latin America, and parts of Asia. The Convention seeks
to address the environmental and public health risks associated
with hazardous waste shipments by creating a legally binding
regime based on principles of prevention, prior informed
consent, and state sovereignty over natural resources. Under its
framework, exporting states must notify and obtain permission
from importing and transit states before hazardous waste
shipments can proceed, thereby institutionalizing the Prior
Informed Consent (PIC) procedure. Furthermore, the Basel
Convention obliges its parties to ensure that any transboundary
movement of hazardous waste is conducted in a manner
consistent with environmentally sound management principles,
thus preventing "toxic trade" under the guise of recycling or
disposal abroad. While the Convention has been hailed as a
landmark achievement in international environmental law, its
effectiveness has been constrained by persistent challenges,
including weak enforcement mechanisms, limited monitoring
capacity in developing countries, and ongoing debates about
whether specific categories of used goods (such as e-waste or
second-hand materials) fall under the scope of hazardous waste.
Nevertheless, the Basel Convention remains the primary global
legal anchor upon which subsequent regional and bilateral
instruments have been built (Wellhausen & Velut, 2025).

The Bamako Convention on the Ban of the Import into Africa
and the Control of Transboundary Movement and Management
of Hazardous Wastes within Africa (adopted in 1991, entered
into force in 1998) was developed under the auspices of the
Organization of African Unity (OAU), now the African Union
(AU). It emerged directly from African states’ collective
frustration with the limitations of the Basel Convention,
particularly its allowance for certain waste exports under
conditions of prior consent. The Bamako Convention takes a far
more stringent approach: it categorically bans the importation of
hazardous and radioactive waste into Africa, closing the legal
loopholes that had permitted waste-exporting states to continue
sending dangerous materials to the continent under the Basel
framework. Additionally, the Bamako Convention establishes
rigorous standards for controlling intra-African hazardous waste
movements and emphasizes national obligations for waste
minimization and sound disposal practices (Strydom, 2024).
This instrument reflects Africa’s strong reaction to toxic waste
dumping scandals of the late 1980s - such as the infamous Koko
incident in Nigeria (1987-1988), in which Italian companies
shipped hazardous waste to Nigerian ports under fraudulent
contracts. These incidents galvanized African governments to
create a convention that better reflected regional priorities,
sovereignty concerns, and the imperative to safeguard public
health and fragile ecosystems. Today, the Bamako Convention
is a regional bulwark against hazardous waste imports,
particularly where waste streams are disguised as "recyclables"
or "second-hand goods." Although its ratification remains
incomplete across all AU member states, its normative force and
political symbolism reinforce Africa's stance against becoming
a dumping ground for external hazardous materials.

Beyond global and regional treaty frameworks, China-Africa
cooperation mechanisms are increasingly important in shaping
environmental governance related to waste management,
resource recovery, and green development. China's engagement
with African states - notably under the Forum on China-Africa
Cooperation (FOCAC), the Belt and Road Initiative (BRI), and
bilateral memoranda of understanding - has progressively
incorporated environmental dimensions alongside infrastructure
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development and economic cooperation. For instance, initiatives
such as the China-Africa Environmental Cooperation Centre
(established in 2019) provide a platform for technical exchange,
capacity building, and knowledge transfer on environmental
management, including waste treatment and recycling
technologies. Similarly, joint action plans under FOCAC have
included pledges to promote green development, circular
economy principles, and support for African states in
implementing the Sustainable Development Goals (SDGs).
However, these instruments typically remain programmatic and
non-binding, contrasting with the treaty-based obligations found
in the Basel and Bamako Conventions (Dreyer et al., 2024).
Their strength lies in fostering institutional cooperation, pilot
projects, and technical capacity rather than enforcing strict legal
prohibitions. Nonetheless, such collaboration contributes to the
gradual institutionalization of environmental governance within
China-Africa relations and provides African states with
additional avenues to enhance domestic capacity for hazardous
waste management. From a broader perspective, these bilateral
and multilateral arrangements illustrate the growing intersection
of global, regional, and transnational governance frameworks,
where soft law initiatives complement hard law regimes. They
highlight the potential of South-South cooperation in addressing
shared environmental challenges, particularly in contexts where
global frameworks have been criticized as insufficiently
equitable or responsive to developing-country concerns.

3. From Norms to Reality: Recycling, E-waste, and
Enforcement

Electronic waste (e-waste) has emerged as one of the fastest-
growing streams of solid waste globally, posing significant
environmental and economic challenges. E-waste comprises a
heterogeneous mix of discarded electrical and electronic
equipment, which contains both hazardous substances-such as
lead, mercury, and brominated flame retardants-and
economically valuable recoverable materials, including gold,
copper, and rare earth elements (Forti et al., 2020). The dual
nature of e-waste-both a risk and a resource-has placed it at the
center of global recycling and resource recovery discussions.
Recent global monitoring initiatives and peer-reviewed studies
consistently document the steady increase in e-waste generation.
According to the Global E-Waste Monitor (2023), annual e-
waste generation has reached unprecedented levels, exceeding
60 million metric tons. It is projected to rise sharply in the
coming decade due to rapid technological turnover and
consumer demand for electronics. The international flows of e-
waste are increasingly complex, often crossing multiple
jurisdictions and sometimes circumventing formal reporting
channels. These informal or underreported flows complicate
enforcement efforts and create regulatory gaps, particularly for
exporting and importing countries struggling to track and
manage the environmental and social implications of
transboundary e-waste movements (Forti et al., 2020).

The governance of e-waste trade and recycling between China
and African countries highlights the complex enforcement and

such as integrating digital tracking systems, adopting
harmonized reporting standards, and investing in capacity-
building initiatives could significantly improve oversight,
ensuring that global e-waste management becomes both
environmentally sustainable and economically viable (WWF,
2022).

regulatory challenges inherent in global e-waste management. A
central problem is the frequent mischaracterization of waste as
used goods, with shipments often labeled as second-hand
electronics or functional equipment, which complicates customs
inspections, undermines regulatory oversight, and weakens
compliance with international frameworks such as the Basel
Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal (Katterbauer, Syed, et al.,
2025). Weak customs reporting and limited inspection capacity
in many African states exacerbate this issue, as authorities often
lack the technical expertise, laboratory facilities, and staffing
necessary to distinguish between functional electronics and
hazardous waste, leaving room for illegal entry of e-waste.
Further complicating governance is the ambiguous allocation of
responsibility in project-level agreements, where infrastructure
and recycling initiatives involving Chinese and African
stakeholders  frequently  obscure  accountability  for
environmental management, leading to implementation gaps
and inadequate monitoring of recycling practices. Discrepancies
between programmatic cooperation and binding legal
obligations also contribute to the problem. While bilateral
agreements and cooperation programs may promote
environmentally sound management (ESM) practices, they are
often non-binding and insufficiently integrated with national or
international legal frameworks. As a result, reliance on informal
recycling sectors persists, ESM capacity remains limited, and
data on transboundary e-waste movements is inadequate, even
in the face of explicit legal prohibitions against unsafe handling
practices (Zhang et al., 2021). These shortcomings produce
widespread environmental degradation-including soil, water,
and air pollution-while also causing significant economic losses
due to the failure to recover valuable materials, underscoring
the urgent need to strengthen enforcement mechanisms and
formalize recycling operations to mitigate environmental harm
and reclaim critical resources. The enforcement of e-waste
regulation is shaped by a complex interplay of institutional,
economic, and political factors that often constrain its
effectiveness. Limited regulatory capacity, under-resourced
enforcement agencies, and weak coordination between
institutions hinder the ability to implement and monitor policies
consistently. Political economy dynamics influence regulation,
as informal recycling sectors are involved in employment,
maintaining  livelihoods, and facilitating cross-border
commercial networks that have social and political implications.
Efforts to disrupt these networks without viable alternatives risk
facing strong resistance or implementation failure (Li et al.,
2022). In China, domestic regulation of outbound waste has
strengthened considerably over the past decade, with stricter
measures on the export of electronic waste. However, challenges
persist due to ambiguities in international frameworks that
continue to permit the trade of second-hand electronics, blurring
the line between "used goods" and "waste." As a result,
enforcement remains uneven, underscoring the need for more
precise legal definitions, enhanced monitoring technologies,
improved data collection, and deeper transnational cooperation
(Katterbauer, Yilmaz, et al., 2025). Approaches

4. How Al Can Support Treaty Interpretation and
Enforcement

Artificial intelligence (Al) is not a cure-all for the difficulties
associated with international treaty design, monitoring, and
enforcement. However, it offers significant potential to enhance
existing institutional mechanisms across the treaty lifecycle. Its
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applications span from the drafting and interpretation of legal
texts to the monitoring and collection of evidence, the
assessment of compliance risks, and the facilitation of
enforcement actions. Recent advances in large language models
(LLMs) and domain-specific natural language processing (NLP)
systems, such as Legal-BERT and contract-analysis
architectures, have created new opportunities for improving
treaty negotiation and adjudication (Ghosh et al., 2016). For
instance, automated extraction and alignment tools can analyze
and compare treaty clauses across multilateral instruments like
the Basel Convention, the Bamako Convention, or bilateral
memoranda of understanding, thereby identifying overlaps,
inconsistencies, and gaps that may hinder clarity. This process
can help negotiators harmonize obligations and reduce
interpretive conflicts. Similarly, AI models trained on legal
corpora can compile and synthesize case law, state practice, and
interpretive statements issued by treaty bodies, including
Conferences of the Parties (COPs). These outputs provide
adjudicators, negotiators, and national ministries with concise
digests that enhance interpretive consistency and support more
informed decision-making throughout the treaty process.

Natural Language Processing (NLP) algorithms can play a
crucial role in clarifying ambiguous or contested terms-such as
"hazardous," "recyclable," or "used goods"-by suggesting
alternative language informed by prior treaty practice and
jurisprudence. Evidence from empirical studies shows that fine-
tuned, domain-specific NLP models consistently outperform
general-purpose large language models in tasks like clause
classification, = named-entity = recognition, and legal
summarization, all of which are directly relevant to treaty
interpretation and compliance mapping (Chalkidis et al., 2020).
Nevertheless, important challenges remain, including the risk of
hallucination, limited explainability, and the necessity of human
legal oversight, underscoring that Al should function as a
decision-support tool rather than a replacement for human
judgment. In international environmental treaties, where reliable
monitoring is essential for verifying compliance, Al
technologies are particularly well-suited to analyzing large,
heterogeneous, and often incomplete datasets, offering
significant potential to enhance the implementation,
interpretation, and enforcement of treaty obligations. Machine
learning applied to multispectral and synthetic-aperture radar
(SAR) imagery enables the detection of illegal dumping sites,
unauthorized recycling facilities, and environmentally harmful
land-use changes. Pilot projects have demonstrated high levels
of accuracy in identifying landfills and informal waste-disposal
sites, with some evidence of integration into enforcement
workflows (Gorelick et al., 2017). Al systems can integrate
multiple data streams from port sensors, customs
documentation, GPS trackers, and in situ environmental
monitors. Such fusion allows enforcement authorities to identify
anomalous shipping patterns, including circular routing and
false manifests indicative of hazardous waste smuggling.

Integrating blockchain-based chain-of-custody records with
machine-learning anomaly detection can strengthen the
traceability of hazardous waste streams. This reduces the risk of
laundering toxic materials under the guise of recyclable
commodities. A critical consideration is that monitoring outputs
must meet domestic and international legal fora's evidentiary
standards. This requires robust data provenance and chain-of-
custody documentation. Recent technical and policy analyses
underscore the transformative potential of digital technologies
in strengthening waste enforcement regimes (UNEP, 2022).

Given limited institutional capacity, regulatory authorities often
struggle to allocate resources effectively. Al can support
targeted enforcement through the following mechanisms:

Supervised learning algorithms trained on historical
enforcement and compliance data can identify patterns
associated with non-compliance. Inputs may include shipment
metadata, the compliance histories of exporters and importers,
trade-route irregularities, and corroborating satellite detections.
These models generate ranked lists of high-risk consignments,
allowing authorities to optimize inspection priorities and
achieve greater enforcement efficiency while strengthening
deterrence, as regulated actors become more aware of the
heightened likelihood of detection. However, reliance on
predictive modeling also raises significant legal and ethical
concerns, particularly regarding transparency in algorithmic
decision-making and the need to prevent discriminatory effects
against certain jurisdictions or actors. Beyond the scope of
formal enforcement agencies, Al-enabled transparency tools
create new avenues for civil society engagement in treaty
compliance by integrating satellite imagery, customs data, and
trade statistics into platforms that empower NGOs, journalists,
and affected communities to detect suspected violations and
hold governments accountable. These tools can also help
reconcile inconsistencies in state reporting under international
instruments such as the Basel Convention, thereby fostering a
stronger culture of compliance. By reducing barriers to
information access, Al promotes distributed accountability
across multiple levels of governance, counterbalancing both the
reluctance and capacity constraints that states may face in
enforcing treaty obligations. This approach aligns with the
principles of polycentric governance, in which state, non-state,
and sub-state actors share responsibility for monitoring and
enforcing compliance (Ostrom, 2010). Al technologies offer a
multifaceted toolkit for strengthening treaty regimes throughout
their entire lifecycle, from drafting and interpretation to
monitoring, enforcement, and public accountability. However,
their application must be carefully managed to address concerns
of accuracy, explainability, data governance, and legal
admissibility. Crucially, AI should be understood as a
complement to, rather than a substitute for human expertise and
institutional authority. To ensure its responsible deployment,
future research should prioritize interdisciplinary collaboration
that bridges computer science, international law, and
environmental governance, so that Al enhances rather than
undermines the legitimacy of treaty institutions.

5. Legal and Ethical Challenges of AI Deployment

Although artificial intelligence (AI) tools hold considerable
promise for enhancing compliance monitoring and enforcement
of international treaties, their deployment raises various legal,
normative, and ethical challenges. These challenges extend
beyond technical feasibility and concern Al-generated outputs'
legitimacy, fairness, and acceptability within international and
domestic legal frameworks. This section examines four key
domains: evidentiary admissibility, sovereignty and due
process, equity and capacity asymmetries, and privacy and
human rights. For Al-derived outputs such as satellite-based
anomaly detection or automated trade data analysis to be
accepted as credible evidence in treaty enforcement, states must
establish rigorous evidentiary frameworks that guarantee
provenance, integrity, and explainability. These frameworks
should include metadata and provenance records to authenticate
the origin and processing of raw data, algorithmic audit trails
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that document model training data, parameter adjustments,
decision-making pathways, expert testimony, and peer-
reviewed validation to confirm the reliability of the Al systems
in use. Without such safeguards, Al-generated findings risk
being challenged on authenticity, susceptibility to manipulation,
or lack of transparency. To address these concerns, developing
standardized protocols for Al evidence-like those governing
forensic science-would enhance Al outputs' credibility and legal
standing in both domestic courts and international adjudicative
processes.

Al-driven monitoring systems, particularly those that rely on
satellite imagery or cross-border sensor networks, can create
significant friction when one state’s automated detection
triggers enforcement measures against actors within another
sovereign jurisdiction. Such situations raise serious concerns
about due process, respect for state sovereignty, and the
potential overreach of surveillance technologies. To reduce
these risks, treaties should explicitly establish clear procedures
for cross-border data exchange, including notification and
verification mechanisms that ensure transparency and trust.
They should also create dispute resolution pathways that allow
states to contest Al-generated findings before any enforcement
measures are imposed, thereby preserving fairness and
accountability. In addition, proportionality safeguards are
essential to prevent unilateral actions based solely on machine-
derived evidence, which may be prone to error or
misinterpretation. Without these carefully designed provisions,
automated monitoring systems could inadvertently heighten
geopolitical tensions, particularly if they are perceived as
instruments of foreign surveillance rather than neutral tools for
compliance and cooperation (Yu et al., 2021).

The performance of Al systems is highly contingent upon the
quality and representativeness of the data on which they are
trained. Models trained predominantly on data from the Global
North-such as OECD countries-may underperform when
applied to African or other non-Western contexts. For example,
distinct land-use patterns, artisanal recycling practices, or
informal market structures may not be adequately captured in
existing datasets, leading to systematic misclassifications or
false positives. Significant capacity asymmetries exist between
technologically advanced states, such as China and OECD
donors, and many African countries, creating a risk of
entrenched technological dependency in which external actors
dominate surveillance infrastructure and control the evidentiary
pipeline. These imbalances undermine local agency and the
legitimacy of enforcement processes, making it crucial to
implement measures that ensure the ethical deployment of Al.
Addressing these inequities requires capacity-building
initiatives to equip local institutions with the necessary technical
expertise and infrastructure, collaborative design processes
involving African authorities, researchers, and affected
communities in shaping Al systems, and shared governance
frameworks that prevent external entities' monopolization of
compliance data. Without these corrective measures, deploying
Al could exacerbate the existing digital divide and reinforce
Management of Hazardous Wastes within Africa, as well as
withrelevant international technical standards. Precise
definitions reduce interpretive uncertainty and minimize the risk
of Al-assisted detection systems misclassifying materials due to
semantic ambiguity. Effective monitoring of waste flows
requires robust transnational data exchange. Treaties should
establish formalized protocols for sharing remote-sensing

global inequities in treaty implementation.

Al-driven enforcement mechanisms often rely on extensive data
collection, including trade records, geolocation data, and sensor
outputs. When personal information is involved-such as
identifying individual recyclers or informal workers-these
practices raise serious concerns regarding privacy and human
rights protections. This is particularly sensitive in Africa, where
the informal waste sector provides essential livelihoods for
millions. The challenge is to design oversight systems that deter
illegal hazardous waste dumping without criminalising or
disenfranchising informal recyclers. To prevent potential rights
violations, treaty frameworks and their implementing
instruments should integrate robust data-protection standards
aligned with international human rights norms, such as those
outlined in the International Covenant on Civil and Political
Rights (ICCPR) and regional frameworks like the African Union
Convention on Cyber Security and Personal Data Protection
(Malabo Convention). They should also establish clear
limitations on data retention and secondary use, ensuring that
personal information collected for enforcement purposes is not
repurposed in ways that compromise individual rights.
Furthermore, redress mechanisms should be provided to enable
individuals to contest erroneous or disproportionate uses of Al-
generated evidence. Crucially, data collection protocols should
be designed to anonymize or aggregate data at the level of
shipment or facility, rather than targeting individual workers,
unless linked to specific, major illegal trafficking investigations.
By incorporating these safeguards, enforcement efforts can
pursue treaty compliance without undermining fundamental
rights and freedoms.

6. Designing AI-Ready Treaty Provisions:
Recommended Elements

The growing reliance on artificial intelligence (AI) in
environmental monitoring and transboundary enforcement
presents opportunities and challenges for international legal
cooperation. In the context of agreements between China and
African states-particularly those addressing the regulation of
hazardous waste, recycling flows, and environmental
protection-future treaties and cooperation instruments must be
drafted precisely to withstand interpretive ambiguity and the
novel evidentiary complexities introduced by Al-assisted
enforcement mechanisms. To this end, several key clauses
should be considered:

Ambiguity in terminology remains a recurring source of conflict
in transboundary environmental law. Treaties should explicitly
define terms such as "hazardous waste," "used goods,"
"recyclable = materials,” and "environmentally  sound
management." These definitions should be harmonized with the
annexes of the Basel Convention on the Control of
Transboundary Movements of Hazardous Wastes and Their
Disposal and the Bamako Convention on the Ban of the Import
into Africa and the Control of Transboundary Movement and

detections, customs declarations, chain-of-custody records, and
forensic shipping data. Such protocols should extend to bilateral
cooperation and multilateral oversight bodies, including the
Basel Secretariat and the African Union. Provisions for joint
verification missions-where inspectors from both parties and
relevant multilateral institutions participate-can enhance
transparency and legitimacy. The admissibility of Al-generated
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outputs in legal and quasi-legal forums raises important
questions of reliability and accountability. Treaty clauses should
specify criteria governing the evidentiary use of Al outputs,
including requirements for metadata retention, model
versioning, documented error rates, explainability standards,
and rights to independent auditing. Establishing such procedural
safeguards increases the likelihood that Al-derived evidence
will be considered legally persuasive in both domestic courts
and international dispute settlement forums.

To address the technological capacity gap and prevent
dependency, cooperative instruments must embed explicit and
financially viable commitments. Capacity-building activities-
including joint training programs, the local development of Al
models at African research institutions, and the procurement of
monitoring infrastructure for national agencies-require
dedicated funding streams. These could be sourced through:

Forum on China-Africa Cooperation (FOCAC) implementation
funds, specifically allocated for environmental technology and
digital governance under the ‘Green Development’ action plan.

Multilateral development banks, such as the African
Development Bank (AfDB) or the World Bank, which could
establish blended finance facilities to support ‘smart
enforcement’ infrastructure.

Dedicated windows within the China-Africa Development Fund
(CADFund) or the Silk Road Fund, earmarked for green
technology and capacity-building projects linked to BRI
sustainability goals.

Such provisions align with the principles of common but
differentiated responsibilities (CBDR) and promote equitable
participation. In the African context, capacity-building measures
may include the establishment of regional Al training hubs (e.g.,
in partnership with the African Union’s African Artificial
Intelligence (AU-AI) Initiative) and facilitating South-South
technology exchanges (Xiong et al., 2025). Given the novel risks
posed by contested Al detections, treaties should provide for
expedited and expert-assisted dispute resolution mechanisms.
Possible models include independent technical panels, joint fact-
finding missions, or arbitration frameworks with specialized
environmental law and Al systems expertise. Such mechanisms
would ensure the timely resolution of disputes, thereby
preventing prolonged trade disruptions or the erosion of trust
between parties. While Al can enhance efficiency, it should not
substitute human judgment in legal enforcement matters.
Treaties must require meaningful human review at defined
decision points, particularly before sanctions or enforcement
actions are executed. This preserves due process, accountability,
and proportionality principles in international environmental
law. Finally, robust cooperation must account for the socio-
economic dimensions of enforcement. Many African states rely
on extensive informal recycling and waste management sectors.
Treaty provisions require impact assessments, just-transition
strategies, and commitments to job creation and safer recycling
practices. By incorporating social safeguards, the agreements
would avoid disproportionately burdening vulnerable
populations while advancing environmental objectives.
Integrating Al technologies into environmental enforcement
necessitates a hybrid legal-technical paradigm, in which legal
norms and data systems co-evolve. Carefully drafted treaty
provisions-addressing definitional clarity, data cooperation, Al
evidence standards, capacity building, dispute resolution,
human oversight, and social safeguards-can enable China and

African states to construct durable, equitable, and forward-
looking frameworks for environmental cooperation. Such
instruments would enhance compliance with existing
multilateral conventions and establish a new model for
governing transboundary environmental risks in the digital age.

Finally, robust cooperation must account for the socio-economic
dimensions of enforcement. Many African states rely on
extensive informal recycling and waste management sectors that
provide vital income. Treaty provisions should therefore
mandate social impact assessments prior to deploying Al
surveillance systems in sensitive regions. Based on these
assessments, just-transition strategies must be developed,
including commitments to job creation in formalized recycling,
training programs for informal workers on safe handling
practices, and the potential integration of compliant informal
operators into digitally monitored, safer value chains. Al
systems themselves could be designed to ‘flag’ for social
support-identifying clusters of informal activity to trigger
outreach by social and labour ministries rather than solely
enforcement actions. By incorporating these social safeguards,
the agreements would avoid disproportionately burdening
vulnerable populations while advancing environmental
objectives and fostering inclusive formalization.

7. Recommendations & Conclusion

A critical first step involves building upon existing China-Africa
technological collaborations to launch targeted pilot initiatives.
For instance, the China-Africa Environmental Cooperation
Centre (CAECC), established in 2019, has already facilitated
preliminary exchanges on remote sensing for environmental
monitoring. Pilot projects could be embedded within this
framework, focusing on specific trade corridors such as the
Mombasa-Nairobi Standard Gauge Railway hub in Kenya or the
Lekki Free Trade Zone in Nigeria. These sites would integrate
Chinese satellite data (e.g., from the Gaofen series) with African
customs analytics platforms to track declared waste shipments.
Such pilots would enable the refinement of wverification
protocols, the calibration of machine learning models trained on
local data, and the testing of evidentiary standards in real-world
enforcement settings. Drawing lessons from existing small-scale
collaborations, like the China-UNEP South-South Cooperation
Project on Waste Management, can provide practical blueprints.
Importantly, these pilot programs would also provide a space for
iterative policy learning, whereby regulators, Al developers, and
customs authorities can evaluate performance, adjust
methodologies, and progressively scale up to broader
implementation. Comparable pilot models in environmental
monitoring, such as those trialed under the European Space
Agency's Copernicus Program, suggest that early investments in
joint monitoring yield long-term institutional capacity gains.

The establishment of interoperable data-sharing mechanisms is
essential to avoid fragmentation and duplication. Under the
auspices of institutional frameworks such as the China-Africa
Environmental Cooperation Centre, governments could host
data platforms that integrate waste tracking systems, customs
records, and environmental monitoring outputs. These platforms
should also disseminate machine-readable treaty texts, technical
guidelines, and compliance toolkits, enabling automated cross-
referencing of trade flows against legal requirements. The
United Nations Environment Program (UNEP) has emphasized
the importance of open-access platforms in strengthening
environmental governance, and similar architectures could be
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adapted to the context of China-Africa. Ensuring compatibility
with the African Union (AU) digital transformation strategies
would strengthen regional ownership. While global datasets
provide a foundation for Al-assisted environmental monitoring,
local data curation and model training are indispensable for
contextual accuracy. Collaborative research projects should
train Al models using African geographies, waste streams, and
recycling practices to mitigate the risks of false positives or
culturally irrelevant outputs. Such projects would also facilitate
capacity transfer, ensuring that African research institutions and
universities play a central role in model development. This
approach aligns with calls from UNESCO and the African
Union Commission for inclusive Al ecosystems that reflect local
contexts and priorities.

To complement technological advances, legal frameworks
require harmonization and modernization. Regional workshops
bringing together negotiators, judges, prosecutors, and
enforcement officers would facilitate dialogue on aligning
national waste laws with obligations under the Basel Convention
and the Bamako Convention. These forums could also draft
protocols for the admissibility of Al-generated evidence,
thereby reducing legal uncertainty. Incorporating Al into legal
proceedings raises novel jurisprudential questions concerning
due process, standards of proof, and liability attribution.
Comparative experiences from the European Union's General
Data Protection Regulation (GDPR) and emerging Al Acts
could offer African and Chinese policymakers reference points.

Civil society actors - including non-governmental organizations
(NGOs), local communities, and academic monitors - represent
a crucial accountability mechanism. Sanitized data feeds and
training would allow these actors to validate official claims,
contribute independent evidence, and enhance transparency.
Research on environmental governance in Africa demonstrates
that participatory monitoring reduces corruption risks and
improves compliance. Therefore, embedding civil society in Al-
enabled monitoring systems is normatively desirable and
instrumentally effective in achieving sustainable outcomes.

The regulation of recyclable and hazardous waste flows between
China and Africa operates at the nexus of multilateral
environmental treaties (Basel Convention), regional African
commitments (Bamako Convention), and bilateral cooperation
frameworks. Despite these overlapping legal instruments,
persistent gaps in enforcement capacity and the absence of
harmonized evidence standards have enabled environmentally
hazardous trade practices to continue. Artificial intelligence, if
deployed responsibly, offers transformative opportunities in this
domain. Applications range from remote sensing for real-time
detection, data fusion for pattern recognition, and predictive
analytics for enforcement prioritization, to transparency tools
that democratize access to compliance information. However,
the benefits of Al cannot be realized in isolation. They depend
on complementary legal innovations, including clear
definitional standards, interoperable data-sharing arrangements,
protocols for Al evidence admissibility, and safeguards to
uphold due process and equity. When embedded within China-
Africa cooperative frameworks and anchored in multilateral
environmental law, Al-enabled governance can shift the
regulatory paradigm from reactive responses to proactive
management consistent with circular economy principles. Such
a transformation would generate environmental benefits,
economic efficiencies, and public health protections.
Ultimately, an integrated law-and-Al framework represents a

pathway toward shared sustainability, reinforcing African and
Chinese commitments to global environmental governance.
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